Aim-To determine if 3 year treatment of hypercholesterolaemia with simvastatin causes an increase of lens nuclear back scattering. Methods-160 patients with hypercholesterolaemia in the Scandinavian Simvastatin Survival Study (4S) were followed for 3 years. Half (80) of the patients took simvastatin and half (80) received placebo. The lens was photographed with a Topcon SL-45 slit lamp camera at the beginning and at 1 year intervals. A common lens nuclear area was used for measuring lens nuclear back scattering. Results-Nuclear back scattering increased with age and there was more pronounced scattering in women than in men. Lens nuclear back scattering did not diVer significantly between the simvastatin and placebo groups, but the power was low (0.2). Lens nuclear back scattering increased during the study period independently of baseline back scattering, age, and sex for both groups. Conclusion-Although no significant difference was found between the simvastatin and placebo groups, the currently available data are insuYcient for exclusion of the possibility that taking simvastatin during a 3 year period increases nuclear back scattering. However, a possible minor increase of nuclear back scattering is clinically irrelevant considering known beneficial eVects of simvastatin on coronary heart disease. (Br J Ophthalmol 2000;84:512-516) 
Hypercholesterolaemia is a main risk factor for coronary heart disease.
1 A group of new drugs, HMG-CoA reductase inhibitors, are commonly presented for patients with hypercholesterolaemia. Simvastatin is one of the HMGCoA reductase inhibitors. Simvastatin eVectively reduces the cholesterol level, 2 3 and long term treatment with simvastatin improves survival in patients with coronary heart disease. 4 Cataract has been observed in dogs treated with simvastatin, 5 but a number of investigations have failed to demonstrate a significant risk of cataract in the human lens. [6] [7] [8] [9] [10] [11] [12] [13] [14] Several 2 year studies reported that simvastatin does not cause significant increase of lens opacity. [7] [8] [9] [10] [11] Similar results were also obtained in 3 year clinical trials, 12 13 and in one 5 year study. 14 These studies were generally based on slit lamp examination and conventional slit lamp photography for evaluation of lens opacity. [7] [8] [9] [10] [11] [12] [13] [14] Slit lamp examination is qualitative and subjective, and conventional slit lamp photography has limited depth of focus, causing a partly blurred image. 15 Moreover, both techniques have a poor reproducibility. 15 Consequently, the power of the outcome of the above mentioned studies is limited and was never estimated.
Slit lamp microscope photography of the lens with Scheimpflug projection has been recommended by the World Health Organisation as a suitable technique for studies of drug eVects on the lens. 16 With this technique a photograph which is in focus from the anterior surface of the cornea to the posterior surface of the lens can be obtained. Further, there is a built in five step grey scale reference. Measurement of the lens image together with the grey scale reference on the photograph provides quantitative information of the lens density. 15 In studies by Schmidt et al, 10 11 the ocular lens was photographed by Scheimpflug photography. The image of the lens was measured by linear densitometry in the Scheimpflug photograph along three lines: the optical axis, 1 mm above, and 1 mm below the optical axis. In these studies, the density of the cornea was used as an external standard for calibration of a densitometric reading of the lens. Theoretically the back scattering from the cornea could not be constant over time. Therefore, the reliability of the cornea as a standard is questionable.
In the present work, lens nuclear back scattering was measured in a common lens nuclear area (CNA) of the lens photograph. 17 This method gives a calibrated reading of nuclear back scattering with reasonable precision. 18 The purpose of the present study was to determine if 3 years of treatment with simvastatin causes an increase in nuclear back scattering in patients with hypercholesterolaemia.
Materials and methods

VARIABLES CONSIDERED AND STUDIED
All patients underwent a routine ophthalmological examination which included standardised Bailey-Lovie visual acuity with best refraction, contrast sensitivity function using the Vistech VCTS 6000 contrast sensitivity test, retroillumination photography at maximal mydriasis using a Neize-CRT camera, and Scheimpflug photography at maximal mydriasis using a Topcon SL-45 rotating slit lamp camera. The examination was performed at baseline and after 1, 2, and 3 years of observation. The current paper includes an analysis of the nuclear back scattering data documented by Scheimpflug photography. Explanatory variables studied were simvastatin treatment, time of treatment, age, sex, and baseline nuclear back scattering.
NUCLEAR BACK SCATTERING MEASUREMENT
The lens was photographed with slit lamp microscopy with Scheimpflug projection (SL-45, Topcon, Japan). All photographs were taken at a slit orientation of 90°. The film (TX 5063, Kodak, USA) was developed according to a standard procedure. 19 The photograph was measured with a photometer. 20 In our previous study, a CNA was defined for optimal measurement of lens opacity. 17 The CNA was used for photometry in this study. Considering the spot size used in the photometer and to facilitate the measurement, a rectangle within the CNA was selected for measurement of nuclear back scattering (Fig 1) .
The photometric reading was converted to grey scale level by using the five step grey scale reference on the same photograph. 18 The converted value was considered as the intensity of back scattering of the lens nucleus.
A primary analysis of the precision of the measurement method 17 21 demonstrated that the variability between eyes of an individual, among photographs within an eye, and measurements within photograph is negligible compared with the variation from one occasion to another within an individual. Therefore, only one eye in each individual, one photograph from each eye, and one measurement of each photograph was considered. The eye measured was selected randomly.
Patients
RECRUITMENT
Patients with hypercholesterolaemia that had been selected for the Swedish substudy of the Scandinavian Simvastatin Survival Study (4S) 4 were randomised with regard to age, sex, and simvastatin treatment (initially 20 mg/day, after 6-8 weeks 20 mg/day if cholesterol level was <5.2 mol/l and 40 mg/day if cholesterol level was >5.2 mol/l). Thus the age and sex distribution were comparable for both treatment categories. Simvastatin treatment was blind to the patient and everyone carrying out the study. (Table 1) were excluded.
INCLUSION
A total of 184 patients were included in the study.
TIME CROSS SECTIONS FOR OBSERVATION
The study was designed to include baseline and the 1, 2, and 3 year observations. In the present study the interest was focused on the long term eVect and consequently only baseline, 2, and 3 years of observation were analysed.
DROPOUTS
Of the included patients, six were lost before the 1 year examination, 13 were lost before the 2 year examination, and five were lost before the 3 year examination. The reasons for dropout are given in Table 2 . The median age of the dropout patients was 61 years, and among them there were two women and 22 men. None of the patients dropped out because of lens opacity.
The characteristics of the remaining 160 patients are given in Table 3 .
STATISTICAL ANALYSIS
The study was designed to evaluate the eVect of treatment and treatment time with an analysis of variance. 22 The eVect of age and sex on lens nuclear back scattering was analysed by multiple regression. 23 The significance level was set to 0.05 and the confidence coeYcient was set to 0.95.
Results
BASELINE NUCLEAR BACK SCATTERING
A frequency distribution of the baseline nuclear back scattering in the simvastatin and placebo group is shown in Figure 2 . The baseline nuclear back scattering expressed as the 95% confidence interval for the mean was 1.69; 1.80 grey scale unit (GSU). Despite randomisation, the nuclear back scattering in the simvastatin group had slightly lower baseline than the placebo group (Fig 2) .
The eVect of age and sex on lens nuclear back scattering was analysed by multiple regression 23 of the baseline data considering all patients in both treatment groups. The 95% confidence intervals for the regression coeYcients was (0.038 (±0.006)) GSU/year and (−0.160 (±0.096)) GSU for age and sex, respectively. Since neither of the intervals includes zero, age and sex have a statistically significant impact on lens nuclear back scattering. It was thus found that the intensity of nuclear back scattering increases with increasing age and is more pronounced in women than in men (Fig 3) .
SIMVASTATIN VERSUS PLACEBO
The intensity of lens nuclear back scattering was compared between the simvastatin and placebo groups using an analysis of variance according to a mixed model (see Appendix). The result is given in Table 4. TREATMENT EFFECT There is a trend for higher increase of nuclear back scattering in the simvastatin group than in the placebo group (Fig 4) , but this diVerence was not significant (Table 4 : treatments).
TIME EFFECT
The intensity of lens nuclear back scattering increases significantly during 3 years of observation (Fig 4, Table 4 : times). There was no statistically significant diVerence in the increase of lens nuclear back scattering with time between simvastatin and placebo (Table 4 : Int (Tr − T)).
A 95% confidence interval for the diVerence in nuclear back scattering between 3 years and at baseline was (82 (±41)) ×10 −3 and (45 (±36)) ×10 −3 GSU for simvastatin and placebo groups, respectively. The average increase of nuclear back scattering in the simvastatin group is greater than that in the placebo group, but this diVerence was not significant (Table 4 : Int Tr − T). However, the error for the test was 0.8, indicating an 80% risk that the groups diVer although the statistical test does not confirm this. The reason for the limited power is the substantial variation of nuclear back scattering from one occasion to another within individuals 17 in relation to sample size and signal.
BASELINE DEPENDENT INCREASE OF NUCLEAR BACK SCATTERING
In order to elucidate a possible baseline dependent increase of nuclear back scattering in the simvastatin group, the diVerence of nuclear back scattering between 3 years and at baseline was calculated individually in both groups. The data were plotted as a function of baseline in a scatter plot (Fig 5) . The scatter plot shows that the increase of lens nuclear back scattering was independent of baseline for both groups.
AGE AND SEX DEPENDENT 3 YEAR INCREASE OF NUCLEAR BACK SCATTERING
Multiple regression 23 was employed to determine a possible age and sex dependence in the 3 year increase of nuclear back scattering.
Multiple regression shows that the 3 year increase of back scattering was also independent of age and sex for both groups. The estimated 95% confidence interval for the regression coeYcients was 2 (±51) ×10 −4 GSU/ year and −50 (±820) ×10 −4 GSU for age and sex respectively. 
Discussion
Simvastatin is one of the HMG-CoA reductase inhibitors, and clinical trials have demonstrated its beneficial eVect on hypercholesterolaemia. [2] [3] [4] In the present study, the possible side eVect of simvastatin on human lens nuclear opacity was investigated.
The finding that lens nuclear back scattering increases with age is consistent with earlier findings. [24] [25] [26] The estimated 95 % confidence interval for the regression coeYcient for sex ((−0.256; −0.064) GSU) implies that among individuals with high serum cholesterol females have more intense nuclear back scattering than males. This sex diVerence indicates that sex should be randomised or stratified in epidemiological studies on nuclear opacification.
The lack of a significant diVerence in nuclear opacity after 3 years between the simvastatin and placebo groups is consistent with previous 3 year follow up studies, 12 13 and a recent 5 year follow up study.
14 In these studies no attempt was made to estimate the power of the conclusion.
Although no significant diVerence was found in the present study, there is a trend (Fig 4) , indicating that the rate of nuclear back scattering increase is higher for the simvastatin group than for placebo, and the mean nuclear back scattering change for the 3 year period was higher for simvastatin than for placebo.
The 3 year increase of nuclear back scattering in the placebo group was on average 0.045 GSU. If the threshold for a clinically acceptable additional increase in nuclear back scattering over a 3 year period is set to 1 year's normal increase (0.045/3 = 0.015 GSU), the increase of nuclear back scattering caused by simvastatin in 3 years should be ideally less than 0.06 GSU (0.045 + 0.015). The mean diVerence of 3 year increase between the simvastatin and placebo groups, estimated as a CI (0.95) was (−0.017; 0.092) GSU (df = 158). Since 0.015 (0.045/3) GSU is included in (−0.017; 0.092) GSU, the current study does not exclude that simvastatin could be a risk factor that speeds up the increase in nuclear back scattering.
However, the eVect of an increase in nuclear back scattering of 0.015 GSU on visual function is unknown. Further, for detection of such a small signal (0.015 GSU) with a power of 0.8, a large sample size (n >6000) is required. Considering the beneficial eVects of simvastatin on patients with coronary heart disease, 4 the trend for an increase of nuclear back scattering observed in the current study (Fig 4) is probably clinically insignificant.
There are several methods available for quantitative measurement of lens nuclear opacity. [27] [28] [29] The sample size in this study was set by 4S protocol according to one of the methods. 27 In this study we would develop a method for calibration of measurements using the internal grey scale reference in the Topcon SL-45 camera, and define a common nuclear area (CNA) to optimise documentation and evaluation of nuclear opacity.
The internal grey scale reference, which is built in the Topcon SL-45 camera, is considered to be stable and constant. Moreover, the scale of the internal reference corresponds to the range of the lens nuclear density. Therefore, the internal reference was selected for the calibration of measurements in this study. The precision of the calibration was estimated to 2%. 18 There is a variability in location and size of the nuclear area among lenses. Moreover, the border between the cortex and nucleus is usually indistinguishable on Scheimpflug image, especially for the posterior part of the nucleus, because of the light attenuation. The established CNA provides an integral sample for documentation and evaluation of nuclear density since it is the largest area within the lens nucleus for which the risk of wrongly including the anterior and posterior cortex is 2.5%. 17 In addition, the CNA can be used universally for Int (Tr − T) = interaction between treatments and time points. Int (P − T) = interaction between patients and time points. 2 = a factor corresponding to the systematic shift because the indexed fixed source; = treatment; = time points. all patients in the age range of 50-80 years. Therefore, use of the CNA will contribute to improve the precision for documentation of lens nuclear opacity, and facilitate the measurement procedure. 17 Scheimpflug photography has been proved as a suitable tool for studying the nuclear opacity of the lens, as the nuclear opacity is homogeneously distributed around the anteriorposterior pole. [30] [31] [32] [33] [34] [35] [36] [37] Consequently, any optical section through the anterior-posterior pole could be used as a reliable sample of the whole nucleus. Therefore, the nuclear back scattered light is a measurement factor in this study.
The precision in estimation of increase of nuclear back scattering within patients would have increased if the back scattering of the two eyes for each patient had been averaged. However, an analysis showed that the variation caused by the variability of eyes within patients and measurement error is small in relation to the variation on diVerent occasions within individuals. Therefore, the power of the finding that there was no diVerence in 3 year increase of back scattering between simvastatin and placebo groups would have changed only minimally if the back scattering of the two eyes had been averaged.
The present study was conducted to examine a possible adverse eVect on the human lens caused by the cholesterol lowering drug simvastatin. We found that there was no significant increase in lens nuclear back scattering caused by simvastatin but the power of this conclusion was low. It is therefore desirable to follow the current cohort for a longer period.
